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Abstract
Background: Orthodontic brackets are available as different designs and materials in 
the market. These brackets are prone for bacterial plaque accumulation. The amount 
of plaque formation and friction is greatly affected depends on type of brackets. 
Aim: This study was done to assess microbial attachments on different brackets. 
Materials and Methods: This study includes 60 patients in age range of 18–25 years 
with both genders and ten samples in each subgroup. Six different types of commercially 
available brackets were used and divided into two groups. Group I comprised brackets 
3M Unitek-Gemini (Subgroup I A), dentaurum equilibrium-2 (Subgroup I B), 
Ormco- Mini diamond (Subgroup I C) and Group II comprised brackets Orthox 
(Subgroup II A), Ocean (Subgroup II B) and Desire (Subgroup II C). Brackets were 
bonded in a polyurethane box. The dental plaque and saliva were added in brain heart 
infusion medium and brackets were incubated at 37°C. Colony-forming units (CFU) 
was recorded in each group. Results: The adhesion of aerobic bacteria to Group I 
brackets was higher in Subgroup I-C (26.92), followed by Subgroup I-B (20.46) and 
Subgroup I-A (15.24). The adhesion of aerobic bacteria to Group II brackets was higher 
in Subgroup II-C (61.15), followed by Subgroup I-B (49.36) and Subgroup I-A (42.94). 
The adhesion of anaerobic bacteria to Group I brackets was higher in Subgroup I-C 
(23.15), followed by Subgroup I-B (20.84) and Subgroup I-A (18.64). The adhesion of 
bacteria was statistically non-significant (P > 0.05). There was significant difference in 
adhesion of aerobes in Group I and Group II brackets (P < 0.05). There was significant 
difference in adhesion of anaerobes in Group I and Group II brackets (P < 0.05). 
Conclusion: There was difference in aerobes and anaerobes CFU in different types of 
brackets. 3M Unitek-Gemini (Group IA) and Orthox (Subgroup II A) were found to be 
better compared to other group and they have lesser amount of aerobic and anaerobic 
plaque accumulation. Clinical Significance: We found that, there was difference in 
aerobes and anaerobes CFU in different types of brackets. Titanium and gold brackets 
revealed the lowest microbial adhesion, which suggest their indication for clinical use to 
reduce plaque accumulation to improve oral hygiene during fixed orthodontic procedure.
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Introduction
With the improvement in orthodontics, there have been 
tremendous rise in patients seeking orthodontic treatment.[1] The 
main concern of patients is esthetics and they want treatment for 
dental and medical causes.[2] Orthodontic treatment may vary 
from 6 months to 2 years or more depending on type of treatment 
required. Fixed orthodontic appliances offer potential sites for 
accumulation of plaque. This leads to poor oral hygiene.[3] It is 
evident that accumulation of bacteria on orthodontic appliances 
results in destruction of periodontium and decalcification of 
teeth.[4]
The adhesion of bacteria to non-shedding surfaces occurs 
through bacterial transportation to the attachment surface, 
reversible and irreversible adhesion, and particular interactions 
between bacteria and surface and colonization of bacteria 
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to form biofilm.[5,6] The attachment occurs through salivary 
pellicles which are formed on tooth surfaces, mucosa, and various 
orthodontic appliances such as brackets. Pellicle formation 
depends on type and biomaterial used in the oral cavity.[7]
In markets, there are different designs and materials for 
orthodontic brackets. This variation in materials affects the 
amount of plaque accumulation. It has been found that in 
patients with fixed orthodontic appliances, there is shift in 
microbial population.[8] Different orthodontic brackets are 
available in the market such as stainless steel (metallic), 
ceramic, cobalt chromium, composite, gold, lingual, plastic, self-
ligating, with different commercial form as 3M Unitek-Gemini, 
dentaurum equilibrium-2, Ormco- Mini diamond, brackets 
orthox, ocean, and desire. Metallic brackets such as titanium, 
gold, and stainless steel and tooth colored brackets such as 
ceramic or plastic brackets are widely used.[9] Metallic brackets 
offers increase plaque accumulation and subsequently bacterial 
count by lowering salivary pH level. Salivary pellicle leads to 
bacterial attachment to the orthodontic brackets.[10] The amount 
of plaque formation and friction is greatly affected by roughness 
and surface-free energy (SFE) of orthodontic brackets. With 
the progression of time even smooth surfaced brackets undergo 
surface roughness changes and SFE which results in microbial 
adhesion.[11] Considering this present study aimed at assessing 
microbial attachments on different brackets.
Materials and Methods
This study was conducted in the Department of Orthodontics 
and Dentofacial Orthopedic, Buddha Institute of Dental Sciences 
and Hospital, Patna, after obtaining approval from institutional 
ethics committee. This study includes 60 patients in the age 
range from 18 to 25 years with both genders was divided into 
30 each into Group I and Group II. Which were subdivided into 
subgroups with ten samples in each group. The present study 
comprised six different types of commercially available brackets 
used in the department of orthodontics. Inclusion criteria were 
patients without dental caries or periodontal pathology, no 
history of oral prophylaxis or administration of antibiotics in 
past 3 months and patients who refrain from eating, drinking, 
and brushing 2 h before saliva collection. Exclusion criteria were 
patients with salivary gland disorders, xerostomia, those not 
giving consent to participate in the study.
Brackets were divided into two groups. Forty MBT (0.22×0.28 
slot) maxillary left premolar brackets were tested in each group. 
Group I comprised brackets 3M Unitek-Gemini (Subgroup I 
A), dentaurum equilibrium-2 (Subgroup I B), and Ormco-Mini 
diamond (Subgroup I C). Group II comprised brackets Orthox 
(Subgroup II A), Ocean (Subgroup II B), and Desire (Subgroup 
II C). There were 20 brackets in each subgroup.
Ten maxillary left premolar brackets were tested in each 
group. A polyurethane box with roughened floor was used for 
holding the brackets with 1 cm distance between each bracket. 
These brackets were bonded with composite bonding material 
(Transbond XT; 3M Unitek, Calif). Saliva and dental plaque 
sample was collected from each patient and stored aseptically in 
container. The dental plaque and saliva were added to 1 l of Brain 
Hearth Infusion (BHI), resulting in a concentration of 8.0 × 103 
CFU aerobe/ml and 1.4 × 104 CFU anaerobe/ml. The BHI 
medium containing bacteria and saliva of patients were inserted 
into the container carrying brackets and were incubated in an 
incubator for 72 h at 37°C.
The samples were transferred to vial containing 1 ml of pre 
reduced transport medium (RTF) and were coded which was 
not revealed for blind microbiological analysis. The samples 
were homogenized by vortexing for 30 s and were processed in 
<15 min by preparing serial ten-fold dilutions in RTF.
Dilutions of 10−3–10−5 were plated in duplicate by means of 
a spiral platter onto non-selective BHI agar. The total numbers 
of aerobic and anaerobic and colony-forming units (CFU) 
were counted after 3 days of aerobic and 7 days of anaerobic 
incubation at 37°C.
The results thus obtained were tabulated and entered in MS 
Excel sheet for statistical analysis using SPSS version 21.0. The 
results were expressed as mean± SD. The test used to assess 
differences between bracket types was ANOVA and t-test.
Results
Table 1 shows that adhesion of aerobic bacteria to Group I 
brackets was higher in Subgroup I-C (26.92), followed by 
Subgroup I-B (20.46) and Subgroup I-A (15.24). The adhesion 
of bacteria was statistically significant (P < 0.05). The adhesion 
of aerobic bacteria to Group II brackets was higher in Subgroup 
II-C (61.15), followed by Subgroup I-B (49.36) and Subgroup 
I-A (42.94). The adhesion of bacteria was statistically significant 
(P < 0.05) [Table 2].
The adhesion of anaerobic bacteria to Group I brackets was 
higher in Subgroup I- C (23.15), followed by Subgroup I- B 
(20.84) and Subgroup I- A (18.64). The adhesion of bacteria 
was statistically non-significant (P > 0.05) [Table 3].
Table 1: Assessment of colony-forming unit’s aerobes in Group I
Aerobic – bracket types Mean SD SE ANOVA P
I-A 15.24 4.26 0.865 17.24 0.001**
I-B 20.46 7.34 1.612
I-C 26.92 12.76 2.650
Total 20.87 8.12 1.709
P<0.05, Significant
Table 2: Assessment of colony-forming units’ aerobes in Group II
Aerobic – bracket types Mean SD SE ANOVA P
II-A 42.94 3.82 0.784 64.85 0.001**
II-B 49.36 7.84 1.624
II-C 61.15 6.18 1.248
Total 51.15 5.94 1.218
P<0.05, Significant
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Table 4 shows that adhesion of anaerobic bacteria to Group 
II brackets was higher in Subgroup I- C (38.64), followed by 
Subgroup I-B (20.02) and Subgroup I-A (28.46). The adhesion 
of bacteria was statistically significant (P < 0.05). Table 5 shows 
that adhesion of aerobic and anaerobic bacteria to Group I 
brackets was significant in Subgroup I-A (P< 0.05) and non- 
significant in Subgroup I-B, IC (P > 0.05). Table 6 shows that the 
adhesion of aerobic and anaerobic bacteria to Group II brackets 
was significant in Subgroup I-A (P < 0.05). Table 7 shows that 
there was significant difference in adhesion of aerobes in Group 
I and Group II brackets (P < 0.05). Table 8 shows that there was 
significant difference in adhesion of anaerobes in Group I and 
Group II brackets (P < 0.05).
Discussion
In last couple of years, there has been significant increase in 
patients desiring orthodontic treatment.[12] The maintenance of 
good oral hygiene in orthodontic patients is a biggest challenge. 
Chances of decalcification around brackets are more especially 
in patients with poor oral hygiene.[13] Among caries forming 
bacteria, Streptococci is the main one leading to irreversible 
destruction of organic and demineralization of inorganic portion 
of teeth.[14] For bacterial adherence to orthodontic brackets, 
factors such as enamel pellicle, wettability, roughness, and 
surface energy play an important role.[15] In the present study, 
we assessed microbial attachments on different brackets used on 
the patients.
We recruited 60 patients and six different types of brackets from 
different manufacturers. Brackets were divided into two groups. 
Ten maxillary left premolar brackets were tested in each group. 
We found that adhesion of aerobic bacteria to Group I brackets 
were higher in Subgroup I-C (26.92), followed by Subgroup I-B 
(20.46) and Subgroup I-A (15.24). We observed that 3M Unitek-
Gemini (Group IA) and Orthox (Subgroup II A) were found to 
be better compared to other group and they have lesser amount of 
aerobic and anaerobic plaque accumulation. This could be due to 
self-cleansing surfaces and non-adhesive surfaces.
Ahn et al.[16] included seven different types of brackets such 
as Damon [A], Clarity [B], Mystique [C], Speed [D], Victory 
Table 3: Assessment of colony-forming unit’s anaerobes in Group I
Anaerobic – bracket types Mean SD SE ANOVA P
I-A 18.64 6.64 1.324 2.45 0.071
I-B 20.84 8.62 1.852
I-C 23.15 8.94 1.820
Total 20.41 8.16 0.730
P<0.05, Significant
Table 4: Assessment of colony-forming unit’s anaerobes in Group II
Anaerobic – bracket types Mean SD SE ANOVA P
II-A 28.46 4.82 0.962 38.20 0.001**
II-B 28.02 9.40 1.842
II-C 38.64 6.34 1.240
Total 36.41 9.95 0.890
P<0.05, Significant
Table 5: Comparison of colony-forming units between aerobes 
and anaerobes in Group I
Bracket 
types
Microbial adhesion Mean SD SE t P
I-A Aerobic 15.24 4.26 0.865 2.34 0.024*
Anaerobic 18.64 6.64 1.324
I-B Aerobic 20.46 7.34 1.612 0.38 0.761
Anaerobic 20.84 8.62 1.852
I-C Aerobic 26.92 12.76 2.650 1.62 0.126
Anaerobic 23.15 8.94 1.820
Table 6: Comparison of colony-forming units between aerobes and 





Mean SD SE t P
II-A Aerobic 42.94 3.82 0.784 11.14 0.001**
Anaerobic 28.46 4.82 0.962
II-B Aerobic 49.36 7.84 1.624 8.62 0.001**
Anaerobic 28.02 9.40 1.842
II-C Aerobic 61.15 6.18 1.248 13.21 0.001**
Anaerobic 38.64 6.34 1.240
Table 7: Comparison of colony-forming units between aerobes in 
Groups I and II
Aerobic 
bracket types
Mean SD Std. Error ANOVA P
I-A 15.24 4.26 0.865 82.46 0.001**
I-B 20.46 7.34 1.612
I-C 26.92 12.76 2.650
II-A 42.94 3.82 0.784
II-B 49.36 7.84 1.624
II-C 61.15 6.18 1.248
Table 8: Comparison of colony-forming units between anaerobes 
in Groups I and II
Anaerobic 
bracket types
Mean SD Std. error ANOVA P
I-A 18.64 6.64 1.324 48.32 0.001**
I-B 20.84 8.62 1.852
I-C 23.15 8.94 1.820
II-A 28.46 4.82 0.962
II-B 28.02 9.40 1.842
II-C 38.64 6.34 1.240
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MBT [E], Micro-loc [F], and Generus [G] and compared 
total bacterial counts and capacity for biofilm formation. It 
was observed that there was significant difference of biofilm 
formation between the different brackets. Type of bracket can 
be randomly classified into low, intermediate, and high plaque-
retaining brackets. There were significantly lower CFU ratios in 
Groups A, B, and C with high microbial adhesion as compared to 
other bracket systems (P < 0.05).
We observed that mean CFU (aerobic bacteria) in Group 
I brackets were 61.15 in Subgroup I-C 49.36 in Subgroup 
I-B and 42.94 in Subgroup I-A. The mean CFU (anaerobic 
bacteria) in Group II brackets were 23.15 in Subgroup 
I- C, 20.84 in Subgroup I- B, and 18.64 in Subgroup I-A, 
the adhesion of bacteria was statistically non-significant 
between the subgroups (P > 0.05). Similarly, CFU (anaerobic 
bacteria) in Group II brackets were 38.64 in Subgroup I-C, 
20.02 in Subgroup I-B, and 28.46 in Subgroup I-A which was 
statistically significant (P < 0.05).
Ahn et al.[17] evaluated the adhesion levels of four cariogenic 
streptococci strains to five bracket types (monocrystalline 
sapphire, polycrystalline alumina, stainless steel, plastic, and 
titanium) and found that plastic brackets had highest the 
adhesion and monocrystalline sapphire brackets had lowest. 
Bacterial adhesion increased with longer incubation time. The 
adhesion of Streptococcus mutans strains was not affected by 
saliva coating, but it had a significant effect on the adhesion 
of Streptococcus sobrinus strains. The authors suggested that 
cariogenic streptococci have various patterns of adhesion 
according to the bracket type.
We found that adhesion of aerobic and anaerobic bacteria 
to Group I brackets was significant in Subgroup I-A (P < 0.05) 
and non-significant in Subgroup I-B, IC (P > 0.05). Similarly, 
adhesion of aerobic and anaerobic bacteria to Group II brackets 
was significant in Subgroup I-A (P < 0.05).
Sunil et al.[18] in their study assessed the effect of 
hexamethyldisiloxane (HMDSO) polymer films on conventional 
and self-ligating stainless steel orthodontic brackets and the 
presence of bacterial adhesion over samples was evaluated 
using scanning electron microscopy. The results showed that 
conventional brackets had lower biofilm adhesion than self-
ligating brackets in spite in the absence of film. HMDSO polymer 
was more effective in reducing surface roughness and S. mutans 
biofilm formation in conventional brackets.
We observed there was significant difference in adhesion 
of aerobes and anaerobes in Group I and Group II brackets. 
Passariello et al.[19] in their study compared the plaque accumulated 
in metal and self-ligating orthodontic brackets on 20 subjects. The 
results showed that there was increased retention of plaque in 
metal brackets ligated with steel ligatures and comparatively less in 
self-ligating brackets at the base of the brackets.
Passariello and Gigola[19] in their in vitro study compared 
early bacterial adhesion and biofilm formation of four bacterial 
strains on 15 different commercial brackets and found that 
titanium and gold brackets revealed the lowest values with all 
tested bacteria and in all tested conditions. Biofilm formation 
significantly is influenced by bracket materials and medium of 
growth.
The limitation of the study is small sample sizes. Only 
six orthodontic brackets were compared. Inclusion of more 
orthodontic brackets could have resulted in different findings.
Conclusion
There was difference in aerobes and anaerobes CFU in different 
types of brackets. Large scale studies are necessary to substantiate 
the result of our study.
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